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ABSTRACT  A  research  study  employing  remote  sensing  techniques  was 
initiated  in  1987  by  the  Naval  Civil  Engineering  I.aboratory  (NCEL)  to 
determine  if  vegetation  could  be  used  to  discriminate  parent  materials 
for  suitability  as  aggregate  source  material.  Two  test  sites 
representing  potential  alluvial  and  residual  source  areas  were  selected 
in  a  semiarid  region  of  Central  California. 

Methods  developed  for  the  study  included  field  observations  of 
vegetation  characteristics  associated  with  the  two  parent  material  types 
along  with  the  analysis  of  Thematic  Mapper  Simulator  data  flown  over 
the  test  sites  on  April  24,  1987.  Image  processing  techniques  included 
band  composites,  band  ratios,  principal  components  analysis,  and  linear 
recombination.  The  most  useful  images  were  those  composites  that 
Included  bands  from  two  of  the  techniques  (i.e,  a  Perpendicular 
Vegetation  Index  (PVI)  band  combined  with  principal  components  bands). 
The  image  processing  demarcated  species  compositional  differences  which 
characterized  the  shale  site.  Tt  also  revealed  differences  in  the 
alluvial  site  caused  by  moisture  stress  as  a  result  of  aggregate  size 
and  sorting.  The  alluvium  best  suited  for  aggregate  source  material 
was  better  drained  and  thus  contributed  to  the  premature  dessication  of 
the  overlying  annual  vegetation. 
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INTRODUCTION 

\ 

Aggregate  source  material  suitable  for  facility  and  roadbed  construc¬ 
tion  is  often  a  very  limited  and  highly  valuable  resource.  The  location 
of  suitable  source  material  is  crucial  to  construction  operations  once 
facility  requirements  are  established..  Finding  material  for  use  in  con¬ 
struction  requires  accurate,  up-to-dat^  information  on  the  location, 
type,  and  areal  extent  of  the  aggregat4'bearing  units.  Existing  recon¬ 
naissance  methods  are  often  too  slow  abd  labor  intensive. 

The  Naval  Civil  Engineering  Laboratory  (NCEL)  has  been  exploring 
potentially  faster,  more  accurate  methods  of  construction  material  loca¬ 
tion  using  remote  sensing  techniques . 'vThe  application  of  airborne  and 
spaceborne  remote  sensing  to  terrain  information  requirements  has  proved 
attractive  because  of  the  rapid  processing  time  and  extensive  spatial 
coverage  associated  with  remotely  gathered  imagery.  Source  material 
identification  may  be  improved  by  the  remote  sensing  of  vegetation  asso¬ 
ciated  with  the  material,  particularly  in  areas  of  high  vegetative  cover. 

This  report  documents  the  results  of  NCF.I.'s  research  into  the  effec¬ 
tiveness  of  traditional  and  remote  sensing  techniques  for  locating  poten¬ 
tial  construction  source  material.  A  strategy  for  identifying  two  sources 
of  aggregate  material  using  geobotanical  discrimination  involving  airborne 
thematic  mapper  imagery  was  developed.  Image  processing  was  used  to 
determine  optimal  techniques  for  discriminating  these  materials  from 
less  desirable  and/or  less  economic  units. 

Traditional  methods  of  construction  material  location  often  rely  on 
local  knowledge  of  potential  aggregate  source  materials  or  on  outdated, 
inaccurate  maps  of  the  region  under  cons iderat ion .  These  methods,  which 
often  entail  extensive  field  surveys,  core  samplings,  and  mapping,  are 
quite  expensive,  time  consuming,  and  labor  intensive.  Yet,  with  the 
greatly  increased  need  for  aggregate  in  current  construction  activities, 
new  sources  must  be  sought  and  new  methods  for  accurately  and  rapidly 
assessing  their  extent  and  location  must  be  developed.  Traditional  remote 
sensing  techniques  offer  promise  in  mapping  aggregate  source  materials 
in  the  absence  of  thick  vegetation  canopies.  When  vegetation  masks  the 
underlying  parent  material,  techniques  must  be  developed  that  take  advan- 
{\  tage  of  the  unique  physical  relationship  between  the  vegetation  and  the 
,  material  it  is  growing  on. 

BACKGROUND 

The  use  of  vegetation  to  identify  parent  material  characteristics 
is  based  on  the  assumption  that  one  or  more  factors  related  to  the  parent 
material  will  affect  one  or  more  vegetation  factors.  The  use  of  geo¬ 
botany  in  geological  investigations  is  certainly  not  new.  Brooks  (1983) 
has  reviewed  a  number  of  case  studies.  The  use  of  remote  sensing  in 
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these  studies  is  predicated  on  the  assumption  that  a  vegetation  response 
to  the  underlying  geochemical/geophysical  condition  may  be  discriminated 
in  a  remote  sensing  strategy.  The  primary  vegetation  responses  to  these 
conditions  that  may  be  discriminated  through  the  use  of  remote  sensing 
include  taxonomic,  structural,  and  spectral  responses  (Mouat,  1982). 

Plant  indicators  (as  an  example  of  taxonomic  responses)  may  be  highly 
reliable  keys  to  differences  in  parent  materials  but  are  rarely  discri- 
minable  by  remote  sensing  techniques.  Differences  in  plant  assemblages, 
however,  frequently  have  unique  spectral  responses.  Structural  responses 
including  chlorosis,  stunting,  density,  premature  or  retarded  senescence, 
and  flowering  characteristics  are  often  associated  with  changes  in  parent 
material.  These  responses  can  frequently  be  discr iminable  through  a 
remote  sensing  strategy.  Vegetation  may  also  have  structural  responses 
that  have  peculiar  spectral  characteristics.  In  previous  research,  these 
responses  have  sometimes  been  the  result  of  photosynthesis  characteristics 
being  affected  by  heavy  metals  in  the  soil  (e.g.,  llorler  et  al.,  1983, 
and  Labovitz  et  al.,  1983).  In  other  cases,  vegetation  may  be  stressed 
by  differential  moisture  availability  related  to  parent  material  character¬ 
istics  (Cibula,  1982). 

It  is  known  that  vegetation  density  and  compositional  differences 
may  be  directly  discr iminable  by  remote  sensing  techniques  such  as  color 
infrared  aerial  photography  and  the  Landsat  MSS  and  TM  (e.g.  McDaniel 
and  Haas,  1982;  Milton,  1983;  Ripple,  1986;  Segal,  1983).  If  the 
relationships  between  these  remotely  sensed  structural  characteristics 
of  vegetation  and  aggregate-bearing  source  materials  can  be  determined, 
then  an  operational  strategy  for  source  material  identification  will 
have  been  developed. 


STUDY  AREA 

A  study  area  was  developed  within  the  Ft.  Hunter  Liggett  Reservation 
of  West  Central  California  (Figure  1).  The  area  is  characterized  by 
known  sources  of  both  residual  and  nonresidual  aggregate  material  suit¬ 
able  for  construction  of  light  and  heavy  use  roadways.  Although  some  of 
this  material  has  already  been  quarried,  most  lies  undisturbed  and  is 
covered  by  the  native  vegetation,  thus  providing  a  suitable  environment 
for  the  determination  of  the  geobotanical  relationships  between  this 
vegetation  and  the  associated  parent  material. 

The  Ft.  Hunter  Liggett  Reservation  covers  an  area  of  261  square 
miles.  In  spite  of  the  large  size  of  the  reservation,  adequate  aggregate 
sources  have  been  restricted  to  isolated  areas  along  riparian  zones  and 
in  the  calcareous  Monterey  Shale.  While  typical  shale  makes  a  poor  aggre¬ 
gate  source  because  of  poor  shear  strength  (especially  when  wet),  the 
Miocene  Monterey  Shale  has  a  calcareous  facies  which  provides  an  adequate 
aggregate  for  light  use  road  base  material  (Barnes,  1987).  By  contrast, 
the  alluvial  source  for  aggregate  provides  material  suitable  for  heavier 
uses  (runways,  large  tracked  and  wheeled  vehicle  routes). 

The  semiarid  to  Mediterranean  climate  of  the  reservation  supports  a 
varied  vegetation  ranging  from  annual  grassland  and  a  scattered  oak- 
covered  grassland  to  several  types  of  chaparral,  oak  woodland,  mixed 
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broadleaf -conifer  forest,  and  conifer  forest.  The  distribution  of  this 
vegetation  is  modified  primarily  by  elevation,  microclimate,  fire  his¬ 
tory,  topography  (especially  aspect),  and  parent  material. 


METHODOLOGY 

A  geobotanical  strategy  is  being  suggested  that  attempts  to  separate 
the  parent  material -vegetation  relationship  component  from  other  surface 
cover  relationships.  The  parent  material  of  interest  is  that  which  re¬ 
lates  to  aggregate-bearing  source  material. 

In  the  strategy  of  this  investigation,  remote  sensing  is  used  to 
discriminate  those  vegetation  characteristics  that  are  associated  with 
uhe  aggregate-bearing  source  material.  Specifically,  spectral  data  trans¬ 
formations  including  band  ratios,  principal  components  analysis  and  linear 
recombinations  that  may  be  highly  correlated  with  the  vegetation  para¬ 
meters,  were  explored  as  potential  tools  for  exploiting  the  vegetation- 
parent  material  relationships. 

The  sensing  system  selected  was  the  twelve-channel  Daedalus  AADS1268 
mult ispectra  1  scanner  or  Thematic  Mapper  Simulator  (TMS).  Seven  of  the 
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The  selection  of  an  appropriate  range  of  image  acquisition  dates  was 
essential.  It  was  felt  that  the  best  season  to  take  advantage  of  plant 
phonological  responses  was  after  peak  green-up  and  during  the,  period  of 
plant  brown-off  (or  the  onset  of  senescence)  for  both  the  grass  vege¬ 
tation  types  and  the  chaparral  (characterized  by  a  high  shrub  cover). 

In  Central  California,  the  winter  precipitation  is  accompanied  by  a  rapid 
green-up,  especially  of  the  annual  grasses  and  forbs.  Perennial  species, 
including  shrubs,  green-up  at  a  later  date.  The  onset  of  senescence  is 
also  different  for  both  classes  of  vegetation,  with  the  annual  grasses 
senescing  prior  to  the  shrubs.  Tn  considering  these  differences  in  phen¬ 
ology,  a  period  of  image  acquisition  was  established  that  would  occur 
following  the  onset  of  senescence  of  the  grasses  and  into  the  green-up 
and  early  senescence  of  the  shrubs.  Such  a  window  is  depicted  in  Figure  2. 
In  1987,  that  window  occurred  approximately  from  the  end  of  March  to  the 
beginning  of  May. 

A  field  sampling  strategy  was  designed  and  implemented  to  identify 
the  primary  aggregate  sources  within  the  reservation  and  to  characterize 
vegetation  and  parent  materials  within  each  of  the  major  aggregate  types. 
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The  image  processing  system  utilized  was  a  Hewlett  Packard  (HP)  Inter¬ 
active  Digital  Image  Manipulation  System  ( I D I  MS )  residing  at  National 
Aeronautics  and  Space  Administration  (NASA)  Ames  Research  Center. 

Data  Acquisition  and  Preprocessing 

The  data  were  acquired  using  a  Daedalus  AADS1268  Airborne  Thematic 
Mapper  Simulator  (TMS)  mounted  in  a  NASA  U-2C  aircraft.  The  data  mission 
was  flown  on  April  24,  1987  at  an  altitude  of  20,000  meters  giving  an 
equivalent  ground  resolution  of  26  meters  in  all  spectral  bands.  The 
data  were  recorded  in  flight  on  a  high  density  digital  recorder,  and 
then  converted  by  a  ground-based  decommutation  system  into  computer  com¬ 
patible  tapes. 

The.  initial  processing  included  geometric  corrections  to  remove 
overscan  and  panoramic  distortion.  The  overscan  correction  involves  the 
removal  of  redundant  scanlines.  The  panoramic  distortion  is  eliminated 
by  replicating  pixels  towards  the  edges  of  the  image  based  on  the  secant 
of  the  pixel  view  angle.  This  converts  uniform  angular  sample  spacing 
into  uniform  ground  sample  spacing  in  the  image,  and  effectively 
"flattens"  the  image  projection.  With  a  relatively  narrow  field  of  view 
on  this  system  of  42.5  ,  the  panoramic  distortion  is  not  severe;  the 
image  width  being  increased  from  716  to  750  pixels. 

Field  Analysis 

A  field  sampling  strategy  was  designed  to  identify  primary  aggregate 
sources  within  the  reservation  and  to  characterize  vegetation  and  parent 
materials  within  each  of  the  major  aggregate  types.  A  local  sand  and 
gravel  operator  provided  considerable  advice  on  the  former  task  (Barnes, 
1987).  Field  transects  were  randomly  selected  from  within  the  two  major 
aggregate  sources  at  the  two  test  sites.  Detailed  vegetation,  soils, 
and  geologic  information  was  gathered  along  the  transects.  This  infor¬ 
mation  was  analyzed  to  establish  vegetation  geological/aggregate  relation¬ 
ships.  The  transect  information  was  also  subsequently  used  during  the 
image  analysis  phase. 

Image  Processing  and  Analysis 

Image  processing  techniques  were  conducted  in  a  manner  that  would 
accentuate  differences  between  potential  source  aggregate  and  surrounding 
material.  As  such,  the.  standard  band  composites  (TMS  5,  3,  2  and  TMS  7, 

5,  3,  both  in  Red,  Green,  Blue)  were  constructed  for  both  the  alluvial 
site  and  the  shale  site.  Thermal  composites  combining  the  TMS  12,  7,  2 
bands  were  attempted.  Band  ratios  and  composites  of  these  ratios  were 
constructed. 

Principal  components  analysis  was  applied  to  the  data  set.  It  has 
been  shown  that  the  image  data  contained  within  the  TMS  and  Thematic 
Mapper  (TM)  configuration  are  highly  correlated  between  bands  (Townshend, 
1984).  For  example,  while  the  digital  values  of  vegetation  in  TMS  5 
decrease  with  increasing  photosynthet ic  activity,  they  increase  in  TMS 
7,  a  near  infrared  band.  Principal  components  analysis  is  a  statistical 
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technique  that  derives  uncorrelated  linearly  transformed  components  from 
the  original  data  set.  The  technique  transforms  the  data  such  that  scene 
variance  is  maximized  on  the  first  transformation  axis.  Subsequent  com¬ 
ponents  are,  by  definition,  orthogonal  to  the  first,  and  maximize  the 
residual  variance  of  the  remainder  of  the  data  set.  Principal  components 
analysis  tends  to  preserve  the  total  variance  in  the  transformation  while 
minimizing  the  mean  square  errors.  Usually,  variance  due  to  scene 
characteristics  is  emphasized  in  the  earlier  axes  (or  principal  compo¬ 
nents),  while  the  smaller  variance  due  to  noise  tends  to  be  contained  in 
the  lower  components.  The  scene  albedo  is  often  represented  in  the  first 
principal  component,  while  the  second  is  related  to  vegetation.  The 
trans format  ion  can  be  divided  into  three  computational  steps  (Richards, 
1986): 

1.  Derivation  of  the  variance-covariance  matrix 

2.  Computation  of  the  eigenvectors 

3.  Linear  transformation  of  the  data  set 

Two  six-banded  principal  components  images  were  created  from  the 
TMS  data  set.,  one  for  the  alluvia]  test  site  and  one  for  the  calcareous 
shale  site.  The  six  TMS  input  channels  utilized  in  the  principal  com¬ 
ponents  transformation  were  TMS  2,  3,  5,  7,  9,  and  If). 

This  project  also  involved  the  use  of  a  relatively  new  image  pro¬ 
cessing  technique  known  as  a  baseline  technique  or  a  linear  recombination 
(LRC)  of  input  data  (see  Mouat  et  al.,  1986).  Baseline-based  indices 
involve  the  assessment  of  a  background  condition  for  any  two  channels 
designated  by  the  analyst  and  the  subsequent  plotting  of  remaining  values 
(or  pixels)  deviating  from  this  background  condition.  The  background 
condition  is  represented  by  a  baseline  in  the  two-channel  digital  value 
(I)N)  space .  The  deviation  is  attributed  to  spectral  absorption  measured 
as  F.uclidean  distance  in  the  DN  space.  The  direct  measurement  of  absorp¬ 
tion  in  one  band  relative  to  another  results  in  a  more  quantitative 
determination  of  surface  materials  than  with  the  ratio  technique.  The 
LRC  technique  was  used  to  create  a  Perpendicular  Vegetation  Index  (PVI) 
band.  The  PVI  index  employs  the  red  and  near  infrared  bands  to  create 
an  image  that  minimizes  the  influence  of  rock-soil  spectral  variation 
while  yielding  information  about  the  phenological  status  of  the  vegetation 
canopy.  This  PVI  band  was  combined  with  two  of  the  generated  principal 
component  (PC)  bands  in  an  attempt  to  discriminate  differences  in  vegeta¬ 
tion  spectra  over  different  alluvium. 

Al  1  of  the  processed  images  were  contrast  enhanced  using  a  linear 
stretch  technique.  The  grey  scale  was  reversed  in  the  enhancement  of 
principal  component  3  (or  PC3)  used  in  composites  for  the  shale  and 
alluvial  sites.  This  resulted  in  an  improvement  of  the  discrimination 
of  the  potential  source  aggregate  from  the  surrounding  material  for  both 
sites. 
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RESULTS  AND  DISCUSSION 


Image  Processing 

An  examination  of  the  aerial  photography  and  the  TMS  imagery  showed 
that  both  potential  aggregate  sources  are  discriminable.  Surprisingly, 
the  color  infrared  photography,  while  having  higher  spatial  resolution, 
was  not  as  useful  as  the  standard  TMS  band  composites  for  discriminating 
the  differences  in  the  vegetation  associated  with  the  two  different  aggre 
gate  source  materials.  This  is  probably  a  result  of  the  ability  to  digi¬ 
tally  enhance  the  TMS  bands. 

The  simple  band  composite  employing  the  thermal,  a  near  infrared, 
and  the  blue  channels  (TMS  12,  7,  2)  was  successful  in  discriminating 
the  coarse  alluvial  deposits  (Figure  3).  It  is  speculated  that  the 
coarser  material  loses  moisture  more  rapidly,  resulting  in  a  faster 
brown-off  of  the  vegetation  canopy.  This  condition  produces  greater 
brightness  temperatures  within  the  coarse  alluvium  and  thus  contributes 
significantly  to  the  red  tone  (from  the  thermal  band).  The  area  of 
coarser  alluvium  is  identified  with  an  arrow.  The  finer  and  medium- 
textured  alluvium  appears  as  yellow,  with  silt  and  clay  alluvial  admix¬ 
tures  represented  in  green  owing  to  greater  reflectance  in  the  near  IR 
band . 

The  TMS  12,  7,  2  band  composite  for  the  shale  site  also  discrimi¬ 
nated  the  Monterey  Shale  from  the  surrounding  lithologies  (Figure  4). 

The  brightness  temperatures  of  the  chaparral  covering  the  Monterey  Shale 
appeared  warmer  than  the  vegetation  on  the  adjacent  metasedimentary  and 
granitic  units,  thus  creating  a  distinct  red  tone  in  the  center  of  the 
image.  The  white  shades  mixed  in  with  this  red  tone,  however,  may  be 
attributed  to  the  thin  chaparral  density  and  exposed  parent  material 
within  the  unit,  creating  high  DN  values  in  all  three  of  the  input  bands. 
This  in  itself  may  be  a  geobotanical  indicator  since  the  sparse  chaparral 
canopy  is  probably  attributable  to  the  close  proximity  of  the  shale  bed¬ 
rock  to  the  surface  and  the  absence  of  a  well  defined  soil  profile. 

The  six-band  principal  component  products  were  quite  useful  in  dis¬ 
criminating  the  aggregate-bearing  source  material.  For  this  paper,  eigen 
structures  were  extracted  for  each  of  the  study  sites.  Table  1  is  the 
eigenstructure  for  the  Monterey  Shale  site.  From  the  covariance  matrix, 
it  is  apparent  that  PCI  is  loaded  on  the  visible  TMS  channels  as  well  as 
the  middle  infrared.  This  is  consistent  with  the  conception  that  the 
first  principal  component  usually  represents  the  albedo  of  the  scene. 

The  loadings  are  attributable  to  high  reflectance  values  in  the  green 
and  red  bands,  which  result  from  the  presence  of  bare  rock  and  browning 
annual  grasses.  The  increase  in  mid  IR  reflectance  is  due  to  reduced 
moisture  content  in  the  leaf  structure.  Principal  component  2  is  heavily 
loaded  on  the  near  infrared  band  (TMS  7),  probably  due  to  the  predomi¬ 
nantly  vegetated  landscape.  Principal  component  3,  like  PCI,  is  loaded 
on  the  visible  bands,  specifically  green  and  red.  This  is  also  probably 
attributable  to  extensive  browning  of  the  grasses  as  well  as  exposed  bed 
rock  under  sparse  vegetation  canopies.  The  first  three  components  of 
this  analysis  account  for  about  99  percent  of  the  total  variance  in  the 
image.  The  PC  3,  2,  1  (RGB)  combination  proved  the  most  valuable  in 
discriminating  the  Monterey  Shale  unit  from  surrounding  rock  strata 
(Figure  5).  The  chamise-dominated  chaparral  canopy  overlying  the  shale. 
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with  a  relatively  low  near  IR  reflectance,  high  mid  IR  reflectance,  and 
high  reflectance  in  the  visible  channels,  contributes  significantly  to 
the  first  principal  component  and  thus  appears  blue  on  the  imagery  (see 
arrow  on  Figure  5).  It  appears  to  be  well  separated  from  the  surrounding 
vegetation  species. 

The  eigenstructure  for  the  alluvial  site  (Table  2)  was  very  similar 
to  that  of  the  shale  site.  Loading  relationships  were  relatively  the 
same,  with  an  even  stronger  contribution  to  PCI  from  the  green  and  red 
visible  TMS  bands.  This  is  attributable  to  the  greater  overall  scene 
albedo  found  in  the  alluvial  scene,  most  likely  caused  by  the  wide,  ex¬ 
posed  channels  of  the  San  Antonio  River  and  the  existing  construction 
site  in  the  center  of  the  image.  Total  percent  variance  for  this  anal¬ 
ysis,  like  that  for  the  shale  site,  was  approximately  98  pe  -ent.  PC- 
unly  composites,  however,  did  not  prove  as  useful  for  the  a, luvial  site 
in  discriminating  the  coarser  aggregate-bearing  material.  Instead,  the 
combination  of  PC2,  PVI,  and  PC3  (reverse  stretch)  provided  the  best 
discrimination  of  the  coarser  alluvium  (Figure  6).  The  higher  near  IR 
reflecting  agricultural  fields  and  fine  to  medium-textured  alluvial  areas 
appear  yellow  due  to  the  combined  affect  of  the  PC2  and  PVI  bands.  The 
coarser  alluvial  areas,  because  of  their  lower  near  IR  reflectance  and 
high  reflectance  in  the  visible  bands,  contribute  to  the  third  PC  and 
thus  appear  as  a  faded  blue  in  the  imagery  (see  arrows  on  Figure  6). 

The  PC2-TMS  7/5  ratio-PC3  composite  was  also  constructed  for  the  allu¬ 
vial  study  area  but  did  not  prove  as  useful  as  the  PC-PVI  composite, 
perhaps  because  the  7/5  ratio  did  not  minimize  the  influence  of  rock- 
soil  spectral  variation  as  well  as  the  PVI. 

Field  Results 

Extensive  field  work  revealed  two  kinds  of  relationships  between 
vegetation  and  terrain  features  related  to  aggregate:  the  first  results 
from  differential  moisture  characteristics  of  aggregate  source  material, 
and  the  second  is  the  vegetation  that  grows  upon  potential  aggregate 
source  material. 

The  differential  moisture  characteristics  of  potential  aggregate 
source  material  versus  nonaggregate  source  material  was  prominent  only 
within  alluvium.  It  appears  from  analysis  of  the  field  data  that  the 
primary  aggregate  material  occurring  within  the  San  Antonio  River  flood- 
plain  and  associated  terraces  consists  of  gravel  and  cobble-sized  mate¬ 
rial  between  2  and  10  cm  in  diameter.  Finer,  sand-sized  material  is  not 
as  desirable,  particularly  at  Ft.  Hunter  Liggett  where  the  primary  use 
of  aggregate  is  for  heavy  and  light  use  road  construction  (Barnes,  1987). 
The  gravel  and  cobble  occurs  within  older  Pleistocene  alluvial  terraces. 
Particle  size  appears  to  increase  near  the  edges  of  the  older  terraces 
although  pockets  of  coarser  material  may  occur  within  these  terraces. 

The  remainder  of  the  older  terrace  deposits  contains  considerably  less 
coarse  material  and  typically  has  a  much  greater  admixture  of  silt  and 
clay.  The  latter  alluvium  retains  moisture  longer  while  the  alluvium 
containing  the  more  economic  deposits  loses  moisture  to  infiltration  and 
evapotranspiration  more  rapidly.  As  a  result,  the  annual  grass  and  forb 
vegetation  types  that  comprise  the  alluvial  terraces  senesce  more  rapidly 
on  the  coarser  (and  more  economic)  material  than  on  the  finer  material. 
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The  resulting  pattern  of  differential  senescing  is  most  apparent  when 
the  vegetation  is  still  growing,  but  it  is  also  apparent  long  after  the 
vegetation  is  completely  brown.  A  post-flight  field  analysis  trip  was 
made  to  the  study  area  June  28-29,  1987,  to  verify  the  image  results 
with  field  data.  A  number  of  features  on  the  PC2-PVI-PC3  image  were 
found  to  correspond  closely  with  the  field  characteristics.  The  image 
and  field  data  were  used  to  derive  Figure  7,  a  map  of  the  spatial  dis¬ 
tribution  of  alluvial  and  other  lithologic  units  in  the  study  area.  The 
coarse  alluvium  (Qac)  units  are  well  drained  with  relatively  large  par¬ 
ticles,  while  the  medium-textured  alluvium  (Qam)  and  fine  alluvium  (Qaf) 
units  are  characterized  by  smaller  cobble  and  less  infiltration  capacity. 

Differences  in  vegetation  composition  involving  different  parent 
materials  were  determined  to  be  of  significant  importance  in  differen¬ 
tiating  the  potential  aggregate  source  material  involving  Monterey  Shale. 
As  stated  previously,  Monterey  Shale,  which  has  a  pronounced  calcareous 
component,  was  found  to  be  the  best  residual  rock  type  for  aggregate 
source  material  within  the  study  area.  It  is  probable  that  a  combi¬ 
nation  of  the  calcium  carbonate  itself  as  well  as  the  added  induration 
of  the  near  surface  environment  results  in  the  uni -pie  character  of  the 
vegetation  growing  upon  that  type  of  Monterey  Shale.  The  primary  vege¬ 
tation  type  growing  on  this  rock  type  is  chamise-dominated  chaparral. 

This  pattern  holds  true  even  for  areas  that  have  experienced  recent 
fires.  In  those  areas,  the  vegetation  composition  may  be  almost  pure 
chamise  (Adenostoma  f asciculatum) .  while  in  the  older  vegetated  areas, 
the  chaparral  has  a  considerable  component  of  other  chaparral  shrub 
species  including  manzanita  ( Arctostaphy los  sp.),  scrub  oak  (Quercus 
dumps a) ,  and  deerbrush  (Ceanothus  sp.). 


CONCLUSIONS 

In  this  report,  an  image  processing  strategy  involving  airborne 
thematic  mapper  imagery  to  analyze  alluvial  and  shale  lithologies 
successfully  identified  a  number  of  aggregate-bearing  units  within  the 
study  area.  Image  processing  techniques  attempted  included  band  com¬ 
posites,  band  ratios,  principal  components  analysis,  and  linear  recombi¬ 
nation.  The  most  useful  techniques  included  thermal  composites  of  TMS 
bands  12,  7  and  2,  principal  component  composites,  and  the  construction 
of  a  composite  using  bands  from  two  techniques;  the  PC2-PVI-PC3  composite. 
The  image  processing  demarcated  the  species  compositional  differences 
that  characterized  the  shale  site.  It  also  revealed  differences  in  the 
alluvial  site  that  had  not  been  determined  by  initial  field  work.  Those 
differences  were  caused  by  moisture  stress  as  a  result  of  aggregate  size 
and  sorting  within  the  alluvium.  The  alluvium  best  suited  for  aggregate 
source  material  was  better  drained  and,  hence,  caused  the  overlying  annual 
vegetation  to  dessicate  prematurely. 

It  is  felt  that  the  techniques  developed  in  this  project  can  be 
used  for  aggregate  and  other  nonmetal  lie  exploration  over  a  much  larger 
geographic  region.  However,  it  must  be  stressed  that  for  each  applica¬ 
tion,  the  study  areas  are  unique  and  must  be  analyzed  individually.  The 
success  found  in  detecting  subtle  changes  in  vegetation  phenology  due  to 
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moisture  stress  may  hold  promise  for  the  application  of  these  techniques 
to  soil  moisture  determination.  Future  work,  however,  should  be  con¬ 
ducted  to  determine  if  the  image  processing  techniques  utilized  at  Ft. 
Hunter  Liggett  can  be  applied  to  extremely  different  climatic  and 
physiographic  regions  of  the  world,  such  as  arctic  regions  or  tropical 
areas.  The  same  techniques  would  probably  not  be  as  successful  over 
tundra  or  rainforests;  new  methods  may  have  to  be  developed  that  utilize 
different  spectral  bands  and/or  processing  algorithms. 
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Table  1.  Eigenstructure  of  Monterey  Shale  Site 


Table  2.  Eigenstructure  of  Alluvial  Site 
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Figure  2.  Conceptual  representation  of  the  phenological 
status  of  grass -dominated  and  shrub-dominated 
vegetation  types  in  the  study  area.  Dates  are 
approximate  for  1987. 
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Figure  3.  TMS  12,  7,  2  (RGB)  - 
Alluvial  site. 
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Figure  4.  TMS  12,  7,  2  (RGB)  - 
Shale  site. 
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Figure  5.  PC3-PC2-PC1  ( PC3  reverse 
stretch)  Shale  site. 


Figure  6.  PC2-PVI -PC3  (PC3 

reverse  st  retch)  - 
Alluvial  site. 
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Figure  7.  Surficial  geology  of  the  alluvial 

site  (Interpreted  from  the  PC2-PVI- 
PC3  (reverse  stretch)  image.  Names 
of  some  units  obtained  from  URGS, 
1971. ) 


14 


DISTRIBUTION  LIST 


AF  6550  ABC}  DER.  Patrick  AFB.  FL:  6550  CES DEEE.  Patrick  AFB.  FI.:  AFIT  DET  (Hudson). 
Wright-Pattcrson  AFB.  OH.  AFITDET.  Wright-Patterson  AFB.  OH;  MO  ANCi.  231  CEF'DED 
(Schmedake).  Bridgeton.  MO 

AF  HO  ESDDEE.  Hansom  AFB.  MA.  ESD  A  VMS.  Hansconi  AFB.  MA 
AFB  HO  TACDEMM  (Pollard).  Langley  AFB.  VA 
AFESC  DEB.  Tyndall  AFB.  FL;  TST  (Library).  Tyndall  AFB.  FL 
AFSC  DEEO  (P  Montoya).  Peterson  AFB.  CO 

ARMY  416th  ENCOM.  Akron  Survey  I'm.  Akron.  OH:  HQDA  (DAEN-ZCM).  Washington.  DC;  RND  Cmd. 
STRNCL’S  (J  Siegel).  Natick.  MA 

ARMY  BELVOIR  R&D  CEN  STRBE-AALO.  Ft  Belvoir.  VA;  STRBE-BLORE.  Ft  Belvoir.  VA 
ARMY  CERl.  CERL-ZN.  Champaign.  IE;  Library.  Champaign.  It. 

ARMY  CRRE1.  A  Iskandar.  Hanover.  NH;  CRREL-EG  (Rseh  CE).  Hanover.  NH:  Library.  Hanover.  NH 
ARMS'  EHA  HSHB-EW.  Aberdeen  Proving  Cirnd.  MD 

ARMY  ENOR  DIST  LMVCO-A  Bentley.  Vicksburg.  MS.  Phila.  Lib.  Philadelphia.  PA 

ARMY  EWES  GP-EC  (Webster).  Viesburg.  MS;  Library.  Vicksburg  MS;  WESCV-Z  (Whalin).  Vicksburg.  MS: 

WESGP-E.  Vicksburg.  MS;  WESOP-EM  (CJ  Smith).  Vicksburg.  MS 
ARMY  MMRC  DRXMR-SM  (Lenoe).  Watertown.  MA 

CBC  C"de  I*.  P''rt  Hueneme,  CA:  Code  155.  Port  Hueneme.  CA:  Code  431).  Gulfport.  MS:  Library.  Davisville. 

RL  PWO  (Code  80).  Port  Hueneme.  CA;  Tech  Library.  Gulfport.  MS 
CNA  Tech  Library.  Alexandria.  VA 
('NO  DCNO.  Logs.  OP-424C.  Washington.  DC 
COGARD  R&DC  Library.  Groton.  CT 
COMCBLANT  Code  S3T.  Norfolk.  VA 
COMDT  COGARD  Library.  Washington.  DC 
COMNAVAIRSYSCOM  Code  41712A.  Washington.  DC 
COMNAVBEACHGRU  ONE.  CO.  San  Diego'  CA 
COMNAVMARIANAS  Code  N4.  Guam 

COMNAVSUPPFOR  ANTARCTIC  A  DET.  PWO.  Christchurch.  NZ 
COMUSNAV  CENT.  Code  N42.  Pearl  Harbor.  HI 

DIA  DB-6EI.  Washington.  DC:  DB-6E2.  Washington.  DC;  VP-TPO.  Washington.  DC 

DIRSSP  Tech  Lib.  Washington.  DC 

DOE  Wind  Ocean  Tech  Div.  Tobacco.  MD 

DTIC  Alexandria.  VA 

DTRCEN  Code  125(1.  Annapolis.  MD;  DEI.  Code  412(1.  Annapolis.  MD 
FCTC  LANT.  PWO.  Virginia  Bch.  VA 
F.MFPAC  SCIAD  (G5).  Camp  HM  Smith.  HI 
GIDEP  OIC.  Corona.  CA 

LIBRARY  OF  CONGRESS  Sci  &  Tech  Div.  Washington.  DC 
MARCORBASE  PWO.  Camp  Pendleton.  CA:  Pac.  FE.  (amp  Butler.  JA 
MARCORPS  FIRST  FSSG.  Engr  Supp  Offr.  Camp  Pendleton.  CA 
MC'LB  PWC  (Sachan).  Barstow.  CA 

MCRDAC  M  &  L  Div  Quanlieo.  VA:  NSAP  Rep.  Ouantieo.  VA 
NAF  PWO.  Atsugi.  Japan 

NAS  Code  110.  Adak.  AK:  PWO.  Kingsville  TX:  SCE.  Cubi  Point.  RP 
NAVAIRENGCEN  Code  182.  Lakehurst.  N.I 
N A V A1 RTESTCEN  PWO.  Patuxent  River.  MD 

N AVCOAS TSYSC’EN  Code  236(1.  Panama  City.  FL;  Code  423.  Panama  City.  FL;  Tech  Library.  Panama  City. 

FL 

NAVCONSTRACEN  Code  (MIL  I5.  Port  Hueneme.  CA:  Code  B-l.  Port  Hueneme.  CA:  Code  T12.  Gulfport. 

MS 

SAVELI  NCI  N  DEI  .  OK  .  Winter  Harbor.  ME 
NAVEODTTCHCEN  Tech  Library.  Indian  Head.  MD 
NAYFAC  Centerville  Bch.  PWO.  Ferndale.  CA 

NAVFACENGCOM  Code  00.  Alexandria.  VA:  Code  03.  Alexandria.  VA:  Code  03T  (Essoglou).  Alexandria. 
VA:  Code  IMA.  Alexandria.  VA;  Code  (I4A1.  Alexandria.  VA:  Code  04A3.  Alexandria.  VA:  Code  0631. 
Alexandria.  VA;  Code  (WM 124  (Lib),  Alexandria,  VA:  Code  16.3.  Alexandria.  VA;  Code  I002B.  Alexandria. 
VA 
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NAVFACENGCOM  -  l.ANT  DIV.  Library.  Norfolk.  VA 
NAVFACENGCOM  •  NORTH  DIV  Code  (UAL.  Philadelphia.  PA 

NAVFAC'ENGCOM  -  PAC  DIN'  Code  (WP.  Pearl  Harbor.  HI.  Code  101  ( K> i ) .  Pearl  Harbor.  HI:  Library. 

Pearl  Harbor.  HI 

NAVFACENGCOM  •  SOUTH  DIV.  Library.  Charleston.  SC 

NAVFAC'ENGCOM  -  WEST  DIV.  0*>P  20.  San  Bruno.  (  A:  Code  04A2.2  (Lib).  San  Bruno.  CA:  Code  (MB.  San 
Bruno.  CA:  Code  40S.2  (Jeung)  San  Bruno.  CA:  Pae  NNV  Br  Olfe.  Code  C  5(1.  Silverdale.  WA 
NAVFACENGCOM  CONTRACTS  OICC  .  Guam 
NAN’HOSP  Hd.  Fae  Mgmt.  Camp  Pendleton.  CA 
NAN’MAG  SCE.  Guam.  Mariana  Islands 
NAVOCEANSYSCEN  Code  541  (Bachman).  San  Diego.  CA 
NAVPCiSCOL  Code  61 WL  (O.  Wilson).  Monterey.  CA:  PWO.  Monterey.  CA 
NAVSCOLCECOFF  Code  05.  Port  Hueneme.  CA 
NAVSECGRUACT  PWO.  Adak.  AK 
NAVSHIPYD  Mare  Island.  PWO.  Vallejo.  CA 
NAVSTA  SCE.  San  Diego.  CA:  SC  E.  Subic  Bay.  RP 
NAN  SWC  DE  I  .  White  Oak  Lab.  Code  WSO.  Silver  Spring.  MD 
NAN  I  EC  H  I  RAC  EN  SCE.  Pensacola  FL 
NAVWARC'OL  Code  24  Newport  Rl 

NANNNPNCEN  AROICC.  China  Lake.  CA:  CO.  C  hina  Lake.  CA;  Code  26.47.  C  hina  Lake.  CA:  PWO  (Code 
2bb).  C  hina  Lake.  CA 

NAVWPNSTA  Dir.  Maim  Control.  PWD.  Concord.  C  A:  PWO.  Seal  Beach.  CA 
NAVWPNSCPPCEN  PWO.  Crane.  IN 
NETT  Code  42.  Newport.  Rl 

NMC  B  .4.  Ops  Ol'lr:  40.  CO:  5.  Ops  Dept;  62.  Engrg  (Hfr:  74.  CO 

NORDA  Code  1121 SP.  Bay  St.  Louis.  MS:  Code  552.  Bay  St  Louis.  MS:  Code  565.  Bay  St  Louis.  MS 

NSD  SCE.  Subic  Bay.  RP 

OCNR  ONE.  Code  20T.  Arlington.  VA 

PACMLSRANFAC  III  Area.  PWO.  Kekaha.  HI 

PHIBCB  1.  CO.  San  Diego.  CA;  1.  P&E.  San  Diego.  CA.  2.  CO.  Norfolk.  VA 

PNVC  Code  10.  Oakland.  CA.  Code  101  (Library).  Oakland.  CA;  Code  125-C  .  San  Diego.  CA:  Code  400.  Pearl 
Harbor,  HI.  Code  400.  San  Diego.  CA:  Code  420.  Great  Lakes.  II  :  Code  420B  (NVaid).  Subic  Bay.  RP: 

Code  500.  Oakland.  CA:  Library  (Code  154).  Pearl  Harbor.  HI;  Library.  Guam.  Mariana  Islands:  Library. 
Norfolk.  VA;  Library.  Pensacola.  FL:  Library.  Yokosuka.  Japan:  Tech  Library.  Subic  Bay.  RP 
CS  DEPT  OF  IN  FERIOR  Natl  Park  Svc.  RMR  PC.  Denver.  CO 
US  GEOLOGICAL  SURVEY  Marine  Geology  Olfe  (Piteleki).  Reston.  VA 
USCINCPAC  Code  J44.  Camp  HM  Smith.  HI 

USDA  Ext  Scrv  (T  Maher).  Washington.  DC:  For  Svc  Reg  S.  (Bowers).  Atlanta.  GA:  For  Svc.  Equip  Dev 
Cen.  San  Dimas,  CA:  For  Svc.  Reg  Bridge  Engr.  Aloha,  OR:  For  Svc.  Tech  Engrs.  Washington.  DC 
CALIFORNIA  STATE  UNIVERSITY  CE  Dept  (Yen).  Long  Beach.  CA 
CATHOLIC  I  NIN  of  Am.  GE  Dept  (Kim).  Washington.  DC 
CITY  OF  BERKELEY  PW.  Engr  Div  (Harrison).  Berkeley.  CA 

COLORADO  STATE  UNIVERSITY  CE  Dept  (Criswell).  Ft  Collins.  CO:  CE  Dept  (W  Charlie).  Fort  Collins. 
MD 

CORNELL  UNIVERSITY  Civil  A:  Environ  Engrg  (Dr  Knlhawv).  Ithaca.  NY:  Library.  Ithaca.  NY 
DAMES  A  MOORE  Library.  Los  Angeles.  CA 
DUKE  UNIVERSITY  CE  Dept  (Muga).  Durham.  NC 
FLORIDA  INST  OF  1ECH  CE  Dept  (Kalajianl.  Melbourne.  FL 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  Arch  Col  (Benton).  Atlanta.  GA:  CE  Seol  (Ma/anli).  Atlanta. 

GA:  CE  Seol  (Swangtr).  Atlanta.  GA:  CE  Seol  (Z.uruck).  Atlanta.  GA 
IOWA  STATE  UNIVERSITY  CL:  Dept  (Handy).  Ames.  IA 
LAWRENCE  LIVERMORE  NATL  LAB  FJ  Tokarz.  Livermore.  CA 
LEHIGH  UNIVERSITY  Marine  Geotech  Lab  (A  Richards).  Bethlehem.  PA 
LOS  ANGELES  COUNTY  PW  Dcpi  (.1  Vicclja).  Alhambra.  CA 
MIC  HIGAN  EEC  II  UNIVERSITY  CE  Dept  (Haas).  Houghton.  Ml 

VIE!  Engrg  Lib.  Cambridge.  MA.  Lib.  lech  Reports.  Cambridge.  MA:  RV  Whitman.  Cambridge.  MA 
NAI  L  ACADEMY  OF  SCIENCES  NRC  .  Naval  Studies  Bd.  Washington.  DC 
NORTHWESTERN  UNIV  CE  Dept  (Dowding).  Evanston.  II. 

NY  CITY  COMMUNITY  COLLEGE  Library.  Brooklyn.  NY 

OREGON  STATE  UNIVERSITY  CE  Dept  (Bell).  Corvallis.  OR.  CE  Dept  (Hicks).  Corvallis.  OR.  CE  Dept 
(Vim).  Corvallis.  OR 

PENNSYLVANIA  STATE  UNIVERSITY  Gotolski.  Universitv  Park.  PA 

PI  ROUE  UNIVERSITY  CE  Seol  ( Altsehaeffl).  W.  Lafayette.  IN.  ( T  Seol  (Leonards).  W  Lafayette.  IN: 

Engrg  lab,  W  Lafayette.  IN 

SAN  DIEGO  STATE  UNTV  CE  Dept  ( Krishnamoorthy).  San  Diego.  CA:  CE  Dept  (Nooranyl.  San  Diego.  CA 
SEA  TELE  UNIVERSITY  CE  Dept  (Schwaegler).  Seattle.  WA 

SOUEHWEST  RSCH  INST  Energetic  Svs  Dept  (Espar/al.  San  Antonio.  IX.  M  Polcyn.  San  Antonio.  E\ 

SIA I E  UMVERSIIY  OF  NEW  YORK  CE  Depl  (Reinhornl.  Buffalo.  NY 
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TECH  UTILIZATION  K  WiMinger.  Washington.  DC 

TEXAS  A&M  UNIVERSITY  CE  Dept  (Herhich).  College  Station  IX.  CE  Dept  (Machemehl).  College  Station. 
TX 

UN1V  OF  TENNESSEE  CE  Dept  (Kane).  Knoxville.  TN 

UNIVERSITY  OF  CALIFORNIA  CE  Dept  (C.erwick).  Berkeley.  CA:  CF.  Dept  (Mitchell).  Berkeley.  CA;  C'E 
Dept  (Taylor).  Davis.  CA:  Trans  Engrg  Dept  (Duncan).  Berkeley.  CA 
LAWRENCE  LIVERMORE  NATL  LAB  M.  Silverira.  Livermore.  CA 

UNIVERSITY  OF  ILLINOIS  Library.  Urhana.  IL:  M  I.  Davisson.  Urbana.  IL:  Met/  Rel  Rm.  I'rbana.  IL 
UNIVERSITY  OF  CALIFORNIA  Mech  Engrg  Dept  (Tulin).  Santa  Barbara.  CA 
UNIVERSITY  OF  MICHIGAN  CE  Dept  (Richart).  Ann  Arbor.  MI 

UNIVERSITY  OF  NEW  MEXICO  HL  Schreyer.  Albuquerque.  NM.  NMERI  (Bean).  Albuquerque.  NM: 

NMERI  (Falk).  Albuquerque.  NM;  NMERI  (Leigh).  Albuquerque.  NM 
UNIVERSITY  OF  PENNSYLVANIA  Dept  of  Arch  (P  McCleary).  Philadelphia.  PA 

UNIVERSITY  OF  RHODE  ISLAND  CE  Dept  (KW  Lee).  Kingston.  Rl;  CE  Dept  (Kovacs).  Kingston.  RI 

UNIVERSITY  OF  TEXAS  CE  Dept  (R  Olson).  Austin.  TX:  Construction  Industry  Inst,  \ux;in.  TX 

UNIVERSITY  OF  WASHINGTON  CE  Dept  (Mattock).  Seattle.  WA;  RL  Terrel.  Edmonds.  WA 

VENTURA  COUNTY  Deputy  PW  Dir,  Ventura.  CA:  PWA  (Brownie).  Ventura.  CA 

APPLIED  SCI  ASSOC.  INC  White.  Orlando.  FL 

ATLANTIC  RICHFIELD  CO  RE  Smith.  Dallas.  TX 

BATTELl.E  D  Frink.  Columbus.  OH 

BECHTEL  CIVIL.  INC  Woolston.  San  Francisco.  CA 

BETHLEHEM  STEEL  CO  Engrg  Dept  (Dismuke).  Bethlehem.  PA 

CHEVRON  OIL  FLD  RSCH  CO  Strickland.  La  Habra.  CA 

CLARENCE  R  JONES.  CONSULTN.  LTD  Augusta.  GA 

DILLINGHAM  CONSTR  CORP  (HD&C).  F  McHale.  Honolulu.  Ill 

EASTPORT  INTI  INC  JH  OSborn.  Mgr.  Ventura.  CA 

GEOTECHNICAL  ENGRS.  INC  Murdock.  Winchester.  MA 

1RE-ITTD  Input  Proo  Dir  (R  Danford).  Eagan.  MN 

LAMONT-DOHERTY  GFOL  OBSERVATORY  M.Coy.  Palisades.  NY 

LINDA  HALL  LIBRARY  Doc  Dept.  Kansas  City.  MO 

MARATHON  OIL  CO  Gamble.  Houston.  TX 

MARITECH  ENGRG  Donoghue.  Austin.  TX 

NIC  CLELLAND  ENGRS.  INC  Library.  Houston.  TX 

MOBIL  R  <1  D  CORP  Offshore  Engrg  Lib.  Dallas.  TX 

PRESNELL  ASSOC.  INC  DC.  Presnell.  Jr.  Louisville.  KY 

RAYMOND  INTL.  INC  Soil  Tech  Dept  (E  Colic).  Pennsaukcn.  NJ 

SANDIA  LABS  Library.  Livermore.  CA 

SEATECH  CORP  Peroni.  Miami.  FL 

SHANNON  X  WILSON.  INC  Librarian.  Seattle.  WA 

SHELL  OIL  CO  E  Doyle.  Houston.  IX 

TEXAS  ENERGY  ENGRS.  INC  JA  Nickerson.  Houston.  IX 

WISS.  JANNFY.  El.STNER.  A:  ASSOC  DW  Pfeifer.  Northbrook.  IL 

WOODWARD-CLYDE  CONSULTANTS  R  Dominguez.  Houston.  TX:  R.  Cross.  Oakland.  CA.  West  Reg. 

Lib.  Oakland.  CA 

FOWLER  I  W  Virginia  Beach.  VA 
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INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of  the 
label  on  the  reverse  side  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to 
the  list  of  Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the 
subject  category  and  type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card 
away  (or  file  it  for  later  reference) . 

If  you  want  to  change  what  you  are  presently  receiving: 

•  Delete  -  mark  off  number  on  bottom  of  label. 
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SUBJECT  CATEGORIES  28 

29 

1  SHORE  FACILITIES 

2  Construction  methods  and  materials  (Including  corrosion  30 

control,  coatings) 

3  Waterfront  structures  (maintenance/deterioration  control)  31 

4  UtHItles  (Including  power  conditioning) 

5  Explosives  safety  32 

6  Aviation  Engineering  Test  Facilities 

7  Fire  prevention  and  control 

8  Antenna  technology  33 

9  Structural  analysis  and  design  (Including  numerical  and 

computer  techniques)  34 

10  Protective  construction  (Including  hardened  shelters,  35 

shock  and  vibration  studies)  36 

1 1  Soil/rock  mechanics  37 

14  Airfields  and  pavements  38 

39 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (Including  shelters,  power  generation,  water  44 

supplies)  45 

17  Expedient  roads/alrflelds/brtdges  46 

18  Amphibious  operations  (including  breakwaters,  wave  forces) 

19  Over-the-Beach  operations  (Including  containerization.  47 

materiel  transfer,  lighterage  and  cranes)  48 

20  POL  storage,  transfer  and  distribution  49 


50 

51 

52 
54 

TYPES  OF  DOCUMENTS 

65  Techdata  Sheets  86  Technical  Reports  and  Technical  Notes  82 
83  Table  of  Contents  &  Index  to  TDS  91 


ENERGY/POWER  GENERATION 

Thermal  conservation  (thermal  engineering  of  buildings.  HVAC 
systems,  energy  loss  measurement,  power  generation) 
Controls  and  electrical  conservation  (electrical  systems. 

energy  monitoring  and  control  systems) 

Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy 
from  solid  waste) 

Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storai 
systems) 

Site  data  and  systems  Integration  (energy  resource  data. 

energy  consumption  data.  Integrating  energy  systems) 
ENVIRONMENTAL  PROTECTION 
Solid  waste  management 
Hazardous/toxic  materials  management 
Waste  water  management  and  sanitary  engineering 
Oil  pollution  removal  and  recovery 
Air  pollution 

OCEAN  ENGINEERING 
Seafloor  soils  and  foundations 

Seafloor  construction  systems  and  operations  (Including 
diver  and  manipulator  tools) 

Undersea  structures  and  materials 
Anchors  and  moorings 

Undersea  power  systems,  electromechanical  cables. 

and  connectors 
Pressure  vessel  facilities 
Physical  environment  (Including  site  surveying) 

Ocean-based  concrete  structures 
Undersea  cable  dynamics 

NCEL  Guides*  Abstracts  ri  None- 
Physlcat  Security  remove  my  name 


r 


